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$\mathrm{r}$. $\approx$ ( $=d$, $d.$)
$T_{f}|-$ . $T_{L}(T\iota\cdot<T_{L})$ , $\mathrm{u}_{\ell}=0$ ,
$T_{\theta}=(T_{L}+T_{L})/2-(T_{L}-T_{l^{r}}.).-\vee/(2d)$ $p_{\epsilon}$
$\mathrm{u}=0+\mathrm{u}(u_{s}., u_{y}, \cdot u.-)$ , $T=T_{\ell\iota}+\delta T$ , $p=p_{\mathfrak{g}}+\delta p$
Boussinesq
$... \frac{\partial \mathrm{u}}{\partial t}.+\mathrm{u}\cdot\nabla.\mathrm{u}$ $=$ $-\nabla$ $\frac{\delta p}{p}$ $+\nabla 2\mathrm{u}$ $+\mathrm{P}\mathrm{r}\delta T\mathrm{e}_{-,\sim}$ . (1)
$... \frac{\partial\delta T}{\partial t}.$
.
$+\mathrm{u}$ . $\nabla\delta T =\frac{1}{16}\mathrm{R}_{\dot{\epsilon}}\iota\cdot\iota r_{\vee}.$. $+\nabla^{2}.\delta T$ . (2)
$\nabla$ . $\mathrm{u}=0$ . (3)
2 Praxidtl $\mathrm{P}\mathrm{r}=\nu/lv.,$ $\mathrm{R}\mathrm{a}\mathrm{y}1\mathrm{e}\mathrm{i}\mathrm{g}1_{1}$ $\mathrm{R}.\mathrm{a}=\alpha g(2d)^{3}(T_{L}-$
$T_{1:})/h.l/$ , /.’. $lJ$ , $\mathrm{A}^{\cdot}\cdot$ , \mbox{\boldmath $\alpha$}






$=$ { $(y,$ $.\sim.):.\iota$:=\pm \Gamma l.‘-\Gamma y<y<[,,-l<z<l} $\partial D_{y}^{1\pm)}=\{(.’\iota\cdot\grave{.}\tilde{\sim}):.y=$
$\pm\Gamma_{\mathrm{V}}.\cdot-\Gamma_{u}$ . <:v<F.\iota :’-l<,\tilde \check <l} D(i} $=\{(x, y)$ $:\approx=\pm 1,$ $-\Gamma_{\mathfrak{B}}<x<\Gamma_{v}.,$ $-\Gamma_{y}<y<$
$\Gamma_{\mathrm{I}/}.\}$
$\iota\iota_{l}..=_{x}\mathrm{f}u_{\mathrm{l}}$. $=.\mathfrak{l}l_{y}=\cdot u_{-}.=\partial_{x}\delta T=0$ on $\partial D_{x}^{(\pm)}$ (4)
$\iota\iota_{l}$. $=.\{\iota_{y}.=$ l/\iota ly $=\iota\iota_{\vee}.-=\partial_{y}\delta T=0$ on $\partial D_{y}^{(\pm)}$ (5)
$\iota_{\iota},‘.=u_{\mathrm{I}J}=.u_{-}=\partial-- ll--\sim\cdot=\delta T=0$ OI1 $\partial D_{\tau,\vee}^{(\pm)}$ (6)
G.alerkiIl $\mathrm{u}$ , $\delta T$
$\iota\iota_{l}..(:\iota:.y_{\backslash \sim\backslash }^{\sim}t)$ $=$ $\sum_{p_{=0}}^{\iota-1\prime}.\sum_{\prime r\iota=0}^{\mathrm{V}\mathit{1}-1}\sum_{n=0}^{-}A_{p_{n\iota\cdot 1}}.(t)\varphi_{l}^{\wedge(\frac{x}{\Gamma_{l}})\lambda\prime\iota\iota}N1(\frac{y}{\Gamma_{y}})\chi_{n}(_{\sim}^{\sim})$
(7)
$.\iota\iota_{y}(.\cdot\iota\cdot.y_{\backslash }\approx_{1}t)$ $=$ $\sum_{\ell=0}^{L-1r}.\sum_{f1.=0}^{1J-1l}\sum_{f1=0}^{\mathrm{V}-1}B_{t,tlr\iota}(t).\backslash p(\frac{x}{\Gamma_{l}})\varphi_{rn}(\frac{y}{\Gamma_{y}})\mathrm{A}’|(z)$
(8)
$\iota\iota--(.\cdot\downarrow\cdot\prime y.\approx.t)$ $=$ $\sum_{\int=0}^{L-1},\sum_{\iota=0}^{AJ-1\mathit{1}}\sum_{n=0}^{\backslash ’-1}C_{l\cdot\prime\iota r2}|(t).\cdot\{p(.\frac{\prime\iota}{\Gamma_{\mathfrak{B}}}.)$Av $(. \frac{y}{\Gamma_{y}})\varphi_{\mathrm{f}\mathit{1}}.(\approx)$ (9)
$\delta T(:|..\cdot y..\vee-.t)$ $=$ $L1 \sum_{\beta=0}^{-}\sum_{f||=0}^{-},\sum_{\iota=0}^{-}_{lr|\iota \mathrm{r}\downarrow(t)\cdot l’ p(\frac{x}{\Gamma_{x}})\eta_{m}^{l}}\Lambda l1N1.\cdot.\cdot\cdot(\frac{y}{\Gamma_{y}})\mathrm{x}_{n}(\approx)$ (10)
. $i\hat{t}t\mathrm{t}(x)$ . $1,\iota(x.)_{\backslash }$. $\cdot\dot{u}_{r:}^{l},’\langle.x.$) $(n$. $=0,1, \ldots, N-1)1\mathrm{h}$
$\forall’|-(\pm 1)=$ \forall ^,\downarrow (\pm 1) $=1’|(\pm 1)=$ $’\dot{u}_{r\downarrow}|$’ $(\pm 1)=0$ (11)
, $g$ ) $=\mathrm{J}_{-1}^{1}..f(.\iota\cdot)- l(.\cdot \mathrm{r})d.\cdot\iota$ .




2–\mbox{\boldmath $\delta$}-/lj.J $= \mathrm{P}_{1}\cdot..\frac{\partial T}{\partial_{\sim}^{\sim}l}-\cdot\partial$j(.llj jui) (13)
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$j$ $( \frac{\delta p}{/y}.)|\partial D_{j}^{(\pm)} =\mathrm{P}\mathrm{r}\nabla^{2}\prime\cdot u_{i}|$ $(i=x, y, z)$ (14)
$\delta.p$ 2 $\delta p=\delta p^{(1)}+\delta p^{(2)}$ $*\backslash$),
2–\mbox{\boldmath $\delta$}l/’J{l) $=$ 0, $\mathrm{w}\mathrm{i}\mathrm{t}1_{1}\mathrm{b}.\mathrm{c}$. $j$ $( \frac{\delta p^{(1)}}{p})|\theta D_{i}^{(\pm)} =\mathrm{P}\mathrm{r}\nabla^{2}u_{i}|. \cdot$ $(i=x, y, z)$ (15)
2–\mbox{\boldmath $\delta$}l/p(2) $=$ $\mathrm{P}\mathrm{r}..\cdot\frac{\partial T}{\partial_{\vee}^{\sim}}.-\partial_{\dot{f}}.(u_{j}\partial_{j^{\mathit{1}l}i}.)$ , with $|_{J.\mathrm{C}}$ . $\partial_{i}(\frac{\delta p^{(2)}}{p})$ l\partial Di( $=0(i=x, y, \approx)$ (16)




$\mathrm{w}\mathrm{i}\mathrm{t}.1_{1}\mathrm{b}.\iota:$ . $\partial_{x}(\frac{\delta p^{(11)}}{p})|\partial D_{x}^{(\pm)} =\mathrm{P}\mathrm{r}\nabla^{2}u_{x}|$
$\partial_{y}^{-}(\frac{\dot{\delta}_{l}(11)}{/J},)|_{\partial D_{y}^{(\pm)}}=0$ ; $\partial_{-}\sim(\frac{\delta p^{(11)}}{\rho})|_{\theta D_{z}^{(\pm)}}=0$ (17)
:
$\frac{\delta_{l^{J}}^{(11|}}{/j}=\mathrm{P}_{1}\cdot,\sum_{\mathrm{f}=0}^{-}\sum_{||\iota=0}^{-},\sum_{\gamma 1’=0}^{\backslash ’-1}[P_{p’ r1lYl}^{(11+)},, +P_{l\mathrm{r}nr\iota}^{(11-)},,,]A_{\ell’\prime r\iota’n’}(t.)L1\mathit{1}1I1$
.
(18)
$P_{\ell_{1nf\{}}^{\{11+\mathrm{I}},,$, $=$ $\sum_{\prime n.\prime\iota}.\frac{\Gamma_{x}\mathrm{c}\cdot \mathrm{o}\mathrm{s}^{\backslash }1_{1}(\frac{D^{(1)}}{\Gamma_{f}}.r)}{D^{(1)},\downarrow \mathrm{s}\mathrm{i}_{\mathrm{I}1}\mathrm{I}_{1}(D_{1f1}^{(1]})},,\cdot\dot{\acute{\phi}}_{m(\frac{y}{\Gamma_{y}})\iota\iota’}.\varphi_{n}^{\mathfrak{l}}(_{\sim}\sim)\frac{\varphi_{p}’’’(1)-\varphi_{p}’’(-1)}{2\Gamma_{x}^{2}}(\phi_{n\mathrm{r}}, \chi,)((\acute{\rho}_{r\iota}, \chi,;)$
(19)
$P_{t}^{(11-)}$, $=$ $., \sum_{l_{}l},,,\frac{\Gamma_{\chi}\mathrm{s}^{\backslash }\mathrm{i}_{\mathrm{I}1}1_{1}(\frac{D^{(1)}}{\mathrm{r}_{x}}x)}{D^{(1\}},\iota\cdot \mathrm{o}\mathrm{s}^{\backslash }1_{1}(D_{\iota n}^{\{1\}})},,\phi_{rn}(\frac{y}{\Gamma_{y}}).\phi_{n}(\approx)\frac{\varphi_{p}’’,(1)+\varphi_{l}’’,(-1)}{2\Gamma_{l}^{2}}(\phi_{m}, \chi_{f\prime 1’})(\phi_{1},, \chi_{n’})$
(20)
$6_{l}$,(x) $(/\iota=0.1\ldots.)$ (-1, 1)













$=$ $- \mathrm{P}\mathrm{r}\sum_{\prime\int_{1\prime}||.|}\sum_{\iota p..\prime}\frac{\delta,(\frac{g}{\mathrm{r}_{l}})\prime 6,(_{\Gamma_{y}}^{\mathrm{x}})\phi_{n}(z)}{(_{\overline{\Gamma}_{x}}^{\beta_{\Delta}})^{2}+(\frac{j\mathit{9}_{m}}{\mathrm{r}_{y}})^{2}+\mathcal{B}_{n}^{2}},(\phi_{l}\phi_{\ell^{\mathrm{I}}})(\phi_{r}, \phi_{m^{l}})(\phi_{l}\partial\chi.\mathrm{g}’)\mathrm{O}_{l’\mathrm{r}n’n’}\prime\prime\prime$’ (22)
$\frac{\overline{\delta}_{\mathrm{P}_{-4L}^{(2\}}}}{/j}.$
,
$=$ $\sum_{t.\prime\prime\cdot.\prime\iota}\frac{C\acute{J}p(\frac{x}{\mathrm{r}_{l}})\prime O^{l},(\mathrm{r}_{y}\Delta)\prime\varphi_{n}^{1}(z)}{(_{\Gamma_{x}}^{\partial}\lrcorner)^{2}+(\frac{/\mathit{3}_{n?}}{\mathrm{r}_{y}})^{\mathit{2}}+\mathit{1}\mathit{3}_{rl}^{2}}..(\phi_{\ell}\phi_{m}\phi_{1},|\partial_{j}(u_{i}\partial_{i}u_{j}))$ (23)
$( \mathrm{c}.)t\mathrm{t}^{\mathrm{j}}),\emptyset r\mathrm{A}^{\cdot}\cdot l|\partial_{j}(\cdot u_{i}\partial_{i}u_{j}.))=\int_{-o\Gamma_{e}}\mathrm{r}_{l}\int_{-\mathrm{r}_{y}}\mathrm{r}_{y}\int_{-1}^{1}\delta_{\ell},(\frac{\xi}{\Gamma_{\mathrm{r}}})\phi_{m}(\frac{\mathit{7}|}{\Gamma_{y}})\phi_{n}(\zeta)\partial_{j}(u_{i}\partial_{i}u_{j})\frac{d\xi}{\Gamma_{x}}\frac{drl}{\Gamma_{y}}d$ ( (24)
(1) $-(.2)$ Galerkin
(7) $-(10)$
$\mathrm{X}=$ (IL $\theta$ ) $=(\{_{\sim}4_{r_{\tau\iota\iota\prime 1}}\}.\{B_{Im|1}\}_{\backslash }\{C,\}, \{\Theta_{lmn}\})$ (25)
$‘. \frac{l\mathrm{x}}{(lt}$
.
$=\mathrm{F}(\mathrm{x})=\mathrm{L}$ . x+N(x )(26)
“
$. \frac{l}{lt}(\begin{array}{l}\mathrm{u}\theta\end{array})=(\begin{array}{l}\mathrm{f}(\mathrm{x})l\iota.(\mathrm{x})\end{array})$ (27)
$\mathrm{L}\cdot \mathrm{x}$ $\mathrm{N}(\mathrm{x},\mathrm{x})$ 2 $\mathrm{x}$
$\mathrm{F}(\mathrm{x})$





$\text{ }$. . $\mathrm{u}_{l+\tau}=0$ Poisson
2\Pi $=. \frac{\text{ }\cdot\tilde{\mathrm{u}}}{\tau}$ $\backslash \mathrm{v}.\mathrm{t}1_{1}|$) $.(:.\cdot$ \partial i |\partial Dj(\pm )=0 $(i=x, y, z)$ (30)
$\mathrm{u}_{l+\tau}$ MAC




$\frac{1}{\Gamma_{r}}.\cdot(\acute{\varphi}_{l}\varphi\ell’)(\dot{o}_{m}\backslash \cdot m’)(\phi_{\mathrm{f}1}.\chi_{!^{\mathrm{t}}}.,)A_{\ell’n\iota n’},(t+\tau)$
$+$ $\frac{1}{\Gamma_{y}}(\delta_{\mathit{1}1’p)(\acute{o}_{|\iota},\partial_{i}\rho_{tn’})(\psi_{I}^{1},\lambda’r\downarrow’)B_{l’mn’}(t+\tau)}.",’,$.
. $+$ $(\delta p.(p’)(a.)_{1\iota\{,,)(\dot{\varphi}_{n}\partial\varphi_{r\iota’})Ce_{m\prime}\mathrm{t}},\cdot|\iota J;’(t+\tau)]=0$ (32)





P. Golh 0) $\mathrm{R}\mathrm{B}$






QUICK 1, 3 QUICK $R.a$. $=20000$
.$u_{x}$ , $\delta T$ 2, 4 $\mathrm{R}.\mathrm{a}$
$u_{\iota\backslash }.\delta T$ $x=0$
.$\cdot$1
:
{ $A_{CO..\iota E.\mathrm{O}}‘\prime\prime’ B_{\mathrm{f}E.\prime\downarrow O..\mathrm{t}O\prime},C_{\ell E_{:}rllE_{:}\iota E\prime},\Theta_{\ell E,mE,\prime\iota E},$ $\text{ _{}IE,mE,r1\mathit{0}\}}$ (34)
$\{Apo_{tnE.ttE\prime}.\cdot B_{lE.\prime l1O..\iota E}:C_{lE_{1}\mathfrak{l}lE_{:}r\iota O\prime}.,\Theta_{\ell E,n\iota E,nO},\Gamma \mathrm{I}_{lE,mE,\prime\iota E}\}$ (35)
$E’,$ $O$ $L=M=N=8$
$\wedge l\backslash ^{\tau_{lol}},=10LMN=5120$ 2
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1: $.u_{t}(x\cdot, y, .-\sim=0.6)$ : $(Ra=20000,$ $Pr=2.5,$ $a\Gamma_{e}=3.5$ ,
$\Gamma_{y}=2.0)_{\text{ }}$ QL.ICK simulation(84 $\mathrm{x}48\mathrm{x}24$ meshes).
$\underline{9}_{:}$
$u_{x}(.\cdot\iota_{\backslash },\cdot y_{\backslash }\sim.=0.6)$ : $(Ra=20000,$ $Pr=2.5,$ $\Gamma_{x}=3.5$ ,
$\Gamma_{1l}=2.0)_{\text{ }}$ Galerkin $\mathrm{s}\mathrm{i}_{111\mathrm{U}}1\mathrm{a}\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{n}(L=M=N=8)$ .
160
3: $\delta T(.\cdot\iota\cdot.y, .\wedge$. $=0.6)$ : $(Ra=20000,$ $P\mathrm{r}=2.5,$ $\Gamma_{x}=3.5$ ,
$\Gamma_{y}=2.0)_{0}$ QUICK sinrulation(84 $\mathrm{x}48\mathrm{x}24$ meshes).
4: $\delta T(x.y_{:}\approx=0.6)$ : $(Ra=200\mathrm{M},$ $Pr=2.5,$ $\Gamma_{l}=3.5$ ,
\Gamma y=2.0) Galerkin simulation(L $=M=N=8$).
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